Nonsyndromic unilateral permanent canine agenesis, particularly in the lower jaw, is an infrequent clinical observation that has occasionally been reported in the scientific literature. The main aim of the present case report and study is to give insights into the clinical features and genetic information of a nonsyndromic patient affected by unilateral lower canine agenesis and her relatives. A young girl of 9-year-old with a Class II skeletal malocclusion, sella turcica bridging, and severe overjet but no other dental anomalies is described. No associations were found with other types of dental agenesis and previously described genetic variations of the CTNNB1 gene. The possibility of a novel genetic locus should be considered as a possible genetic etiology for this extremely rare condition in a nonsyndromic patient. Based on scientific literature written in English, the present clinical case is one of the first reports to describe a nonsyndromic permanent unilateral mandibular canine agenesis.
INTRODUCTION
Dental agenesis, hypodontia, oligodontia, and anodontia, are developmental anomalies that involve the absence of one to all the teeth. This kind of congenital disorder is relatively common in humans and mostly affects the permanent teeth, rather than the deciduous ones; it is even more frequent in certain types of craniofacial syndrome with dental anomalies that include the absence of one or more of the teeth. [1] Nevertheless, many other nonsyndromic types of dental agenesis can be found in the general population, with the most common form being a missing third molar. [2] Nonsyndromic agenesis of permanent mandibular canines represents an unusual type of tooth agenesis. [3] This anomaly has occasionally been combined with agenesis of other teeth, but isolated unilateral forms occur very rarely in the general population. The most common forms of agenesis involve the lower second bicuspids (35, 45) , upper lateral incisors (12, 22) , and upper second bicuspids (15, 25) and it may be congenital or arise as a spontaneous clinical manifestation. [2] Prevalence and clinical manifestations Over 60,000 to 20 million individuals worldwide are affected by disruptions of at least one tooth during formation (~0.03%-10.1%). [4] The exception is the third molar, which occurs more frequently. Clinical manifestations of this developmental anomaly differ in terms of the number and type of teeth affected: Hypodontia refers to cases where fewer than six teeth are missing; oligodontia when six teeth or more are affected; and anodontia, the most severe form, when all teeth are missing from the mouth. Usually, the first diagnosis comes from the existence of diastemas along with midline deviations and other derivate clinical and esthetic effects. [5] Although there is no conclusive evidence of a single factor affecting tooth agenesis, genetic, systemic, and local factors have been reported as associated with failure of permanent tooth formation. [6] 
Genetic influence
Whether tooth agenesis has a single etiology is still unclear. Various factors have been described in the literature as associated with the lack of development, mineralization, or formation of temporary or permanent teeth. [6] Spontaneous and congenital presentations of the anomaly can be found in the population. [7] Furthermore, when agenesis is present in a family context, it may present as an isolated trait or as characteristic of another complex syndrome. Cases of spontaneous agenesis may be influenced by local and/or genetic factors, frequently with one to three teeth missing. In this respect, tooth agenesis in the family setting generally follows an autosomal dominant/recessive disorder or forms part of a chromosome X-linked trait, while isolated cases tend to have a complex and multifactorial pattern of inheritance. In recent years, there has been growing scientific evidence of genes linked to the occurrence of tooth agenesis in both animal models and humans, and a map of the complexities of its genetic etiology is being constructed to define the genetic network and cross-talk processes between different chromosomal loci. [7] [8] [9] [10] [11] [12] Some genetic factors have been described as linked to a background with a greater predisposition to affect any of the processes that mediate tooth embryogenesis, bud formation, and mineralization. [13] [14] [15] The present case report describes the occurrence of a very unusual clinical report of agenesis of a unilateral inferior canine in a family setting. The genotype data of parents, grandparents, and siblings were recorded, and these data are discussed in light of current knowledge of this extremely rare phenotype worldwide. [6] 
CASE REPORT

Clinical and radiographic information
A 9-year-old girl was examined at the School of Dentistry in the University Complutense of Madrid with the chief complaint being irregular protruding teeth [ Figure 1 a-j]. The patient displayed mixed dentition with a Class II malocclusion, notable overjet (9 mm), and an inferior midline deviation 2 mm to the right. Several caries and gingival pathology were noted during the clinical exploration.
A detailed radiographic examination [ Figure 1j ] revealed a normal chronological eruption sequence, with incomplete root formation of the permanent maxillary and mandibular second molars and canines, mild infraocclusion of the deciduous molars with root resorption, and profound caries in 16 occlusomesial, 55 mesial and distal, 54 distal, 64 occlusodistal, 65 occlusomesial, 26 mesial, 36 occlusal, 75 occlusal, 84 occlusodistal, 85 occlusal, and 46 mesial. The main pathological finding on the patient's panoramic X-ray was the absence of the right permanent mandibular canine. The caries diagnosed at 16 mesial, 55 mesial and distal, 54 distal, 64 distal, 65 mesial, 26 mesial, 84 occlusodistal, and 46 mesial were confirmed with a bite wing series exploration.
Lateral X-ray analysis [ Figure 1d ] showed sella turcica bridging, while cephalometric characteristics indicated that the patient had a skeletal Class II malocclusion (ANB + 7°; Wits: +3.5 mm) with mandibular retrusion (SNB 77,5° a dolichofacial-mesofacial pattern (Go-Gn SN: 36°) and flaring of the upper incisors (I-SNA: +8 mm, 28°), as shown in detail in Table 1 .
The patient's parents, siblings, and ascendant relatives (grandmothers and grandfathers) had no history of tooth agenesis. The patient had had no pathological alterations in her pre-or postnatal development and her mother had not been overexposed to radiation or particular medication during the gestational period. No systemic disease or syndrome could be determined. The anamnesis recorded no previous history of traumatic lesions in the oral cavity or rare pathological/systemic conditions in childhood.
Taking these data into account as well as the clinical/radiographic information, the diagnosis was a skeletal Class II division 1 malocclusion with an extremely rare nonsyndromic case of unilateral lower canine agenesis.
Genetic screening and diagnosis: Sample collection, DNA isolation, and determination of genotypes
All participants were invited to participate in the study as volunteers before initiating any restorative or orthodontic treatment. The Institutional Ethical Committee granted ethical approval. The patient and her relatives were genetically screened for genetic variants reported in the literature [16, 17] as predisposing to tooth agenesis. Samples were taken for DNA analysis, collecting 2 ml saliva using a commercially available collection tube and stabilization solution (Oragene DISCOVER ORG-500, DNA Genotek, Ontario, Canada). DNA was extracted using PrepIT•L2P; in brief, saliva samples gradually underwent ethanol cleavage and spin processes in accordance with the manufacturer's instructions to obtain total DNA for each participant. This was then aliquoted at − 80°C in every case. Single-nucleotide polymorphisms of target genes were analyzed at CTNNB1 (rs87938) (Sequenom's Gold and Mass array. iPLEX Technology). Briefly, after DNA extraction, target gene sequences were amplified using HotStarTaq polymerase (Qiagen, Hilden, Germany). Reverse hybridization was used to identify the genotypes of the patient's target genes from the generated amplicons.
The genetic results are compiled in Figure 2 . The affected patient was diagnosed as heterozygous for the less frequent allele (A) of the CTNNB1 genetic variant. Certainly, no unique and definitive relationship has been found to date in any of the different reports of teeth agenesis; nevertheless, several single markers have been explored and published to find any potential initial association. When talking about canine agenesis, that is, by far one of the less common types of tooth agenesis, no single markers have been analyzed to date so this paper offers, at least, some genetic information of the patient, and the ascendants who are not pretended to be definitive evidence (since case reports are not sound scientific material to be considered as a sole statement). Instead, case reports are well-intended description of unique or rare cases that should be described with high detail. In the present case, the genetic information is just that, additional information to be considered in this rare tooth agenesis along with all the radiographic and clinical records of the patient. Figure 2 shows that none of the individuals involved, the patient, siblings, parents, or grandparents, reported any affectation due to a homozygous genotype of the rare allele in either of the genetic variants of the target genes studied.
DISCUSSION
Phylogenetic evolution in humans has been explained in accordance with Bolk's theory of terminal reduction, [18, 19] in which the most distal element of a group of teeth occurs is more frequently absent than one located in a mesial position. In other words, tooth agenesis occurs in the most distal germ of any particular group of teeth. [19] The absence of permanent canines has been reported as more frequently affecting women, as in the present case, and the upper maxilla, unlike the present case report. [20] [21] [22] The reported prevalence in the literature varies substantially from 0.4% in the Afro American population [23] to between 0.04% [20] and 0.46% [21] in other studies of the Chinese population, 0.11% in the Japanese population, both reported in large sample studies. [22] The prevalence studies in a European population reported rates ranging from 0.27% [21] and 0.37% [24] to 2.1%, [25] although all these studies were based on small sample sizes, which could bias the observed prevalence of those types of agenesis. Agenesis of a permanent canine often occurs along with other forms of teeth agenesis, abnormal tooth shapes, or anomalous numbers [22] but may also occur as a spontaneous clinical manifestation secondary to environmental factors. [26, 27] The present case report, similar to other previous studies, [28] is a clinical case with no other dental anomalies associated with lower canine agenesis and described the genetic findings associated with it, enabling comparisons with findings observed in individuals from other populations. [20] [21] [22] Molecular studies of the tooth formation process using rodent models have led to the deciphering of a considerable number of genes and genetic pathways involved in odontogenesis which may be involved in pathological events like tooth agenesis and other tooth-related pathologies. [7, 9, 10, 12, 29] The MSX1 knockout mouse model leads to defects of the palate (cleft palate) and tooth agenesis along with other congenital problems; [30] this correlates with the phenotype found in numerous patients carrying the MSX1 gene mutation, in which a number of patients with MSX1 mutations also had tooth agenesis and oral cleft lips. [9, 10, 30] This allele variant was absent in a sample of European descent reported in earlier genotype databases (dbSNP database -http://www. ncbi.nlm.nih.gov/snp/). Nevertheless, previous studies found that the T allele of the MSX1 (rs1095) gene variant appeared only in patients affected by agenesis and not in nonaffected controls, who were found to be homozygous for the C allele instead.
With specific reference to permanent canine agenesis, no clear association with any particular genetic variant or gene point mutation has been described to date. Recent studies have associated the absence of both permanent maxillary canines with point mutations located in the WNT10A gene, [31] although no specific genetic pattern or anomaly has been identified as associated with agenesis of a single permanent lower canine without other tooth alterations. In this case report, potentially suggestive genetic variations in the CTNNB1 [16, 17] gene of the affected patient and members of her family were explored and analyzed. Nevertheless, no differences of genotyping information were found between the affected patient and any of her unaffected relatives. Furthermore, in the present case report, the polymorphism previously described as associated with agenesis of the upper lateral incisors and third molars did not affect agenesis of the lower permanent canine. It should be highlighted that nonsyndromic congenital tooth agenesis is a complex trait with a polygenic, multifactorial etiology. [3] Interconnected gene functions are orchestrated sequentially to influence the structural development of the developing tooth. MSX1 and CTNNB1 genes appear to influence different types of agenesis patterns, [16, 17] although several other genes, described or not yet discovered, could be implicated in the process and the precise mechanisms that lead to canine agenesis are yet to be deciphered.
In the present study, the affected patient was found to have a class II skeletal malocclusion. Sella turcica bridging was also found in this patient, which is an anatomical sign commonly associated with several other dental anomalies and systemic conditions. [31] [32] [33] [34] This is the first time that it has been described in a unilateral case of a permanent lower canine in a nonsyndromic context.
Concluding remarks and future perspectives
This report offers new information that may be useful for deciphering further the network underlying each type of tooth agenesis mechanism. The construction of an etiologic gene map for tooth agenesis offers the possibility of a new therapeutic field with new gene or protein-based treatments able to correct deficiencies deriving from aberrant gene products. [35] 
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